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Modern mining methods and equipment, a gravity-based concentra-
tor flow that will require only five process pumps, and metric design
are the highlights of The Anaconda Co.'s Carr Fork project in Utah,
where production is scheduled to b'egin in late 1979. The 12,700-

mtpd mine will feed copper ore grading 1.8470 Cu to a 9,000-mtpd
plant, with full production to be reached about a year after startup.
Byproduct credits will include molybdenum, gold, silver, and magne-
tite.

Carr Fork, located adjacent to Kennecott's Bingham Canyon
open-pit mine, 25 mi southwest oi Salt Lake City, will cost an
estimated $216 million and will produce 45,000 to 55,000 mtpy of
copper contained in concentrates. One of the very few underground
base metal mines developed in the US in the past decade, Carr Fork
will make use of a variety of equipment that has come onto the
market in recent years. Hagglunds loaders (see cover), five-car
shuttle trains, and two-boom Atlas Copco drill jumbos are in use for
development, and rubber-tired LHDs will be used for ore recovery.
The main haulage system will include two trains of Asea l2-cu-m
cars, each train being made up of l8 cars moved by two General
Electric 30-ton locomotives. The trains can be controlled from either
locomotive, with the second unit responding automatically to the
operator's commands. The trains can also be radio-controlled by an

operator at the loading chute. The system is being built t0 conven-

tional US railroad standards.
Conventional blasthole methods may be used to mine the Carr

Fork ore, but management is also planning use of Canadian Indus-
tries Ltd.'s patented "Vertical Crater Retreat" method. Project
manager Art Ditto comments: "This method has been a fact of life
for three years. It employs essentially the same procedures we have

already anticipated using-nothing different with respect to develop-
ment, drilling, ore draw, and so on. It's simply a variation, and it has

the potential to eliminate some development work and also to utilize
explosives more effectively. It has the potential to reduce blast
damage throughout the mine and at the same time produce better
fragmentation. It's a very significant development."

Because Anaconda management elected to build the concentrator
in the steep, narrow canyon where the production shaft headframe is

located, designing the plant was "not going to be the easy job of
setting it out in the middle of a big field and wrapping a building
around it." Mill equipment manufactured to standard English units
was one exception to the metric system of measure that Anaconda
adopted throughout most of the Carr Fork project.

Carr Fork is thought to be the first US mine designed from the
beginning around the metric system. Management thinking was that
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Carr Fork blasthole mining method
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the country will eventually convert to metric measure, so starting out
with metrics at Carr Fork would be a Dlus. Conversion at a later date
would only create problems, and maintaining a set of records and
maps in both English and metric units would be burdensome.

Despite cost escalations and inflation, the Carr Fork project has
managed to remain close to budget and on schedule. Cost estimates
arrived at in the feasibility study conducted in 1974 have proven to
be very close to actual construction costs.

In building Carr Fork, Anaconda philosophy has been to use the
services of the employees who will operate the complex. Mining-
being an art as well as a science-reflects the experience of all the
people involved, the company feels, so those no* "bn board" will run
the project when it comes into production. To offset a serious
shoriage of underground miners'in the project area, Anaconda
initiated a "head start" underground miner training program in the
spring of 1977 -more than two years ahead of the scheduled
production date-with trainees receiving four months of classes and
practical instruction before going to work in the mine. The program
may be expanded in the future to include concentrator personnel.

IN BINGHRM DISTRICT SINC€ 1914
Anaconda, which acquired the Carr Fork property in 1948, has

been active in the Bingham district since 1914, when The Interna-
tional Smelting & Refining Co., a subsidiary, built a custom smelter
near Tooele, Utah. To establish stable sources of smelter feed,
Anaconda acquired interests in various properties and companies in
the district, and by the mid-1930s, it held a substantial interest in the
aroa west of the Bingham pit. Five of the companies in which
Anaconda had interests subsequently consolidated to form National
Tunnel & Mines Co., which diveloped the first underground copper
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LEGEND:
1) FIRE-FIGHTING AND POTABLE

WATER TANKS
2) SERVICE SHAFT HEADFRAME
3) MINE OFFICE AND CHANGE HOUSE
4) HotsT HousE
5) PRODUCTION SHAFT HEADFRAME
6) PRODUCTION SHAFT SUBSTATION
7) WASTE ROCK CONVEYOR
8) COARSE ORE STORAGE TRANSFEB

CONVEYOR
9) COARSE ORE STORAGE CONVEYOR
0) C0ARSE oRE SToCKP|LE
1) COARSE ORE RECLAIM CONVEYOR
2) RECTRCULATTNG C0NVEYoRS
3) CRUSHING PLANT

14 FINE ORE STORAGE CONVEYOR
'i5) ACCESS RoAD

16) WAREHOUSE AND SHOPS
17) FINE ORE STORAGE EUILDING
18) ROD MILL FEED CONVEYOR
19) CONCENTRATOR DRY AND

LAB BUILDING
20) GRINDING BAY
21) FLOTATION BAY
22) ELECTRICAL AND COMPRESSOR

REPAIR BAY
23) REAGENT FACILITY
24) CONCENIRATOR SUBSTATION
25) 46-KV SWTTCHYARD
26) PROCESS AND SERVICE

WATER TANKS
27) TAILINGS THICKENERS
28) MINE DEWATEHING FLUME
29) FIRE-FIGHTING WATER TANK
30) BINGHAM PIT (BEHIND RIDGE)
31) CONCENTRATE THICKENER
32) FILTER BUILDING
33) CONCENTRATE LOADOUT CONVEYOR
34) CONCENTRATE STORAGE BUILDING
35) TAILINGS FEED PIPELINE

mine in that part of the district.
To transport ore from the Utah-Delaware mine to the Internation-

al concentrator and smelter, National Tunnel & Mines began
driving the 27,000-ft Elton tunnel in 1937, completing the project in
1941. The company continued to operate until 1947. During the next
year, Anaconda acquired all of the National Tunnel & Mines assets

and lands, including the Carr Fork claims. A 20-year exploration
program on the properties eventually prompted extensive core drill-
ing, starting in 1969. By 1973, drillers had delineated the Yampa
and Highland Boy orebodies that are the basis of the Carr Fork
mlne.

The Carr Fork deposits lie under the western flank ofthe Oquirrh
Mountains at a depth of 610 to 1,830 m. The ore is a skarn formed in
two limestone units enclosed by quartzites, all of which are Pennsyl-
vanian in age. During the Cretaceous, the beds were folded into a

series of northwest-trending asymmetric anticlines and synclines.
Later, a multiple intrusive sequence of rocks ranging in composition
from quartz monzonites to latites resulted in formation of the
Bingham prphyry ore and, presumably, of spatially associated
skarn, fissure, and replacement deposits. Subsequent faulting
produced a complex structural pattern and several large structural
blocks.

The Carr Fork orebodies have average overall dimensions of 900 x
1,000 m, and they exhibit exceptional continuity. There are no
unmineralized zonis within currently defined boundaries. The two
mineralized limestone beds range in thickness from 25 m to 75 m.
Dips range from vertical to 20", and the strike varies from east-west
to northeast-southwest. Hangingwall and footwall rocks are general-
ly unmineralized quartzites, with the exception of some minor areas
of copper mineralization in the hangingwall. The ore is moderately
hard and tough. Waste rock is hard, brittle, and well fractured.

MNC SCRV€D BY FOUR SHRFTS

Four circular, concrete-lined shafts will service the Carr Fork
mine. Three-the production, service, and exhaust air shafts-were
sunk from the surface, while the fourth-a fresh air shaft-is
collared near the end of the 1,830-m Pine Canvon tunnel (see mine
cross section). A Watson four-boom jumbo ind two Ciyderman
muckers were used in sinking each of the shafts.

Shaft-sinking crews bottomed the 5.79-m-dia production shaft at
I,153.36 m in late 1978, with crews from Anaconda and Peter
Kiewit & Sons both contributing to the work. The sinking rate,
including all stations and delays, was 1.2 m per day. A Nordberg
double-drum, double-friction-clutch hoist powered by a 2,250-hp
motor was used to sink the shaft.

The service shaft is complete to a depth of 1,172 m and is being
used to hoist waste as well as men and supplies until the production
shaft becomes operational. The 5.79-m-dia shaft is fitted with a
6,000-hp Nordberg double-drum, positive-clutch hoist, a 14.5-mt
Lakeshore skip, and a72-man cage. The hoist sped is 670 m per
mln.

Anaconda mine planners decided to sink the fresh air shaft
internally to reduce costs and to make better use of manpower and
equipment. The 5.5-m-dia shaft will be bottomed at 1,070.3J m. The
Pine Canyon access tunnel will be used only for air intake and for
servicing the shaft.

Thyssen Mining & Construction Co. sank the initial 760 m of the
1,024-m-deep, 6.7-m-dia exhaust air shaft. Sinking of this shaft will
resume in 1979, and three axial flow fans eventually will be installed
at the collar of the shaft.

970 RND t,200 tnntil tcv€ts
Carr Fork mine development is in progress on main levels at

elevations of 970 and 1,200 in above sea level. Drifts advance at the
rate of about 7 m per day. The 1,200 level is 4.5 m high x 3.7 m wide
and will provide general access t0 the mine workings. The 970 level is
4.5 high x 4 m wide and will be used for main haulage.

1,800 M ABOVE SEA LEVEL

1,780 PUMP STATION

,I,590 
PUMP STATION

1.400 LEVEL

AND PUMP STATION

1,200 LEVEL
=====i.J200TUil-PSLnrron

1.080 LEVEL

I,OOO M ABOVE SEA LEVEL

PAss 
]

TE PASS

I

rI

ORE

WAS

SHAFT30iT06 -TTg1AULA6E LEV1
ELEVATION 941.00

COMPLETE, 4-2G77
COMPLETE, 1-1-79
COMPLETE BY 1.1.80
OLD WORKINGS
FUTURE WORKINGS

DELAWARE 8OO \
1.200 SHAFT COLLAR '

SILL ELEVATION
.1965.046

1,600



Development equipment on the 1,200 level includes twoboom
electric/hydraulic Atlas Copco jumbos; a Hagglunds loader and

five-car shuttle train; and two22.7-mt Plymouth diesel locomotives.

ANFO is used for blasting wherever possible, and Ireco 38-mm

water gel or 32-mm gel is used in all other cases. A Getman scissor

truck is used for loading blastholes.

On the 970 level, equipment now in use includes two 3.8-cu-m

Jarvis-Clark LHDs and a twoboom jumbo. In the near future, a

Hagglunds loader will replace the LHDs.

An Ingersoll-Rand RBM-7 raise borer will be placed in service to

op€n ore and waste passes and ventilation raises. The first sublevel is

n-ow being driven into the Steep Highland Boy orebody by Thyssen

Mining & Construction crews.

Future development work to maintain production is expected to

average about I 1,000 m per year, including drifts, crosscuts, ramps,

and raises.

PTRNS FOR VCR

In the Vertical Crater Retreat blasting method now planned for

use at Carr Fork, in+he-hole drills sink large-diameter holes from

the top sill, through the ore, to an undercut draw opening. Spherical

explosives charges are placed at a calculated optimum distance

above the back, and a horizontal thickness of ore is blasted down-

ward into the undercut area. The procedure is repeated upward until
the top sill is reached and blasted into the stope.

Regardless of the mining method used at Carr Fork, blastholes

will be drilled 165 mm in diameter using in-the-hole drills. Stope

geometry will vary to accommodate the outlines of the orebody. In

individuil stopes, one or two drill drifts will be opened at the top of
the ore, and trackless draw points and an undercut drift will be

located 45 m to 50 m below the drill drifts. Stope and pillar
dimensions will depend on rock strength. When necessary, mined-out

stopes will be backfilled prior to pillar recovery, with fill obtained

from development waste and hangingwall cave.

The main pumping system for the mine is still being designed,

with eventual flows expected to reach 10,000 liters per min. C-5 and

D-5 A-S-H pumps are currently in use underground.

Carr Fork production crews will begin mining near the top of the

vertical section of the Steep Highland Boy orebody, advancing along

the strike of the mining horizon. Successive sublevels will be worked,

moving downward through the orebody. When fully developed, the

mine will have three producing areas-the Steep Highland Boy, the

Upper Highland Boy, and the Upper Yampa.
LHDs having 3.8-cu-m-capacity buckets will transfer ore to

2.13-m-dia transfer raises equipped with 0.76-m grizzlies and spaced

to limit haulage distances to an average of 100 m one way. Main ore
passes will be raised 2.44 m in diameter through competent,

unmineralized limestone from the 970 main haulage level. Ore

loaded into l2-cu-m bottom-dump cars through wide-mouth arc-gate

chutes will be hauled 2,300 m to coarse ore bins.

From the two 600-ton coarse ore bins, muck will feed to a 1.829-m

gyratory crusher over a 1.83 x 6.10-m vibratory feeder. Crushed ore

will move to two 2,500-ton fine ore bins, and waste will report to a

2,000-ton waste bin. A 48-in. belt conveyor will transfer the material

to skip loading pockets on the 970 level.

$60 TNltL|oN FOR Mtt TO DRT€

Anaconda has invested $60 million in the Carr Fork mill so far,
with $11 million going for new equipment. Some equipment was

obtained from other Anaconda operations and was rebuilt. Anacon-



da engineers designed the flowsheet, and Bechtel Corp. is providing
construction management. Concentrator superintendent Jeff But-
well, who will manage the plant after startup, has been with the
project since it began.

Anaconda considers itself conservative when it comes to designing

and building crushing plants, and the company has come up with an

extra-husky plant for Carr Fork. Equipment includes Nordberg
crushers, Tyler screens, Falk driva, and Jeffrey belt conveyors.

Coarse feed to the 7-ft-dia Standard cone crusher is controlled by
power draw. Rheostats connected to apron feeds will be adjusted

manually by an operator to keep a 2O0-ton-capacity surge bin full,
ahead of screens that are installed ahead of two 7-frdia Short Head

crushers (see flowsheet).

Three slot-type feeders under a 10,000-ton-live-capacity fine ore

stockpile feed to a 36-in.-wide conveyor belt, which is controlled by

the feed rate, and the ore then advances to the rod mill. The Koppers

Hardinge grinding mills include the 14 x 20-ft rod mill, a l67u x
29-ft ball mill, and two9t/z x 15-ft regrind ball mills. Krebs cyclone

classifrers produce a circulating load of 300% for the ball mill.
Estimated steel consumption in the rod, ball, and regrind mills will
be 0.70 lb per mt, 0.94 lb per mt, and 0.06 lb per mt, respectively.

Power consumption in the primary grinding circuit will be about

ll.5 kw per ton to drive the 2,000-hp rod mill, 5,000-hp ball mill,
and 600-hp regrind mill.

The grinding circuit is close-circuited with the cyclones, whose

feed density will be measured by an Ohmart density gamma gauge

and adjusted by adding water as necessary. Milling and classification
will rduce the ore in size to 100 mesh, rather fine for a copper ore

but helpful in achieving a 94To rc.covery rate.
Cyclone overflow will report to a l7-cell rougher flotation circuit

comprised of 500-cu-ft cells. Rougher concentrate will then report to

todem equipment provides muscle lor
Carr Fork's underground operataons.
Seen here are Hagglunds ore cars, a
low-profile road grader, a front€nd
loader, a jackleg drill, and a shotcrete
applicator.

the two ball mills in the regrind circuit, and regrind mill discharge

will be pumped to four 15-in. cyclones. This cyclone overflow, at

minus 325 mesh, will advance to two cleaning stages, the first being

a four-cell cleaner circuit and the second being a two-cell recleaner

circuit. Flotation cells of 300-cu-m capacity will be used in the
cleaner circuits.

Tailings from the rougher cells will be pumped to three 26-in.

cyclones for sand separation. Cyclones overflow will discharge to
tailings disposal, while underflow will reprt to a circuit of five
500-cu-ft sand flotation cells. Sand flotation concentrate will be

pumped to the regrind-circuit cyclones by two 8 x 10 Galigher
pumps.

Cleaner tailings will flow to six 300-cu-ft scavenger c.ells, and

tailings from this circuit will discharge to tailings disposal. The
s@venger concentrate recycles to the regrind circuit.

Recleaner concentrate will report to a 125-ft-dia Dorr-Oliver

thickener, where it will be thickened to 65-'107o solids. Thickener
underflow will report to two 2O-ft-dia storage tank equip@ with
Denver agitators. Moisture in the concentrate slurry will be reduced

to l2Voby filtration with two 12 x l8-ft Ametek drum filters having

a total filtering area of 1,360 sq ft. The filters are equipped for string
discharge. Filtercake will be conveyed to a 2,000-mt-capacity stock-
pile.

Filter tailings will report to two 225-ft-dia Dorr-Oliver tailings
thickeners. Overflow will be returned to the mill for reuse, and

underflow will flow by gravity through an l8-in.-dia, reinforced-

concrete pipeline to the tailings pnd for settling.
Concentrate loaded into trucks by a front-end loader will be

harrled 9 mi to the main line of the Union Pacific railroad. From
there, the concentrate will move by rail to Anaconda's smelter at
Anaconda, Mont. Blister copper produced at Anaconda will be



The sleep sloge of Pilr Catyon permitted Aruconda to desln an energy+fficient crushing
phnt and concenfator by maximum use of gravity-based flow.

shipped. to the electrolytic refinery at Great Falls, Mont., for further
proc€sslng.

CRRR FORII'S COMN'T€RS
Since the beginning of the project, Carr Fork has undergone four

computer conversions, starting with a 360 Model 20 and then
moving up in size and capability to a 37G115, then to a 370-115

Mod 2, and finally to an IBM 27G138. More than 2l CRT screens

installed throughout the complex provide quick access to the comput-
er by the various departments. Furthermore, "This is not the last

stage of conversion. We're probably in the middle stage, with two or
three stages to go before we reach our peak," says Jerry Johnson,

data processing supervisor.
The data procesing group services engineering, geology, account-

ing, office services, personnel, payroll, purchasing, materials control,
maintenance, project control, and senior management of all depart-

ments. CRTs are scheduled to be installed in the mill and under-
ground for maintenance and operating service.

At Carr Fork, all systems design and programming work is

predicatd on a "data base" concept that places common data files at
the disposal of a variety of users. For example, a single geological

data file will be used by employees in the departments of geology,

engineering, rock mechanics, and othen.
Engineering and project control have access to files that produce

PERT (program evaluation and review technique) diagrams, and a

procuroment program reprts the dates when projects must be

started and the length of time they will take, the dates when

drawings must be complete, and the dates for equipment procure-

ment and shipping.
Major computer programs are developed by Carr Fork prsonnel,

not by data processing spcialists. The data base continues to

increase, and so, according to Johnson, does demand for computer
time.

H€RD STRRT UNDCRGROUND
Carr Fork started its first training class in the spring of 1977, and

in August of that year, the first graduates received certificates in
trackless mining procedures. Eight graduates of the class are
currently working full time as miners in mine development.

During the early stages of mine development, contractors were
employed. Now nearly all of the miners are Anaconda employees. At
startup, the company will ned a work force of 800, and, according
to a company study, it cannot expect to recruit them from other
mining communities. Hiring and training of local residents is now
standard practice, and since few of these new employees have
underground mining skills, training from scratch is an integral part
of the project. Trainees for underground mining are screened
carefully, and, on the average, about eight new trainees are selected

each month, receiving pay from the start of training. After graduat-
ing, they are normally paid the going rate for third-class miners.
Progress is regularly assessed for possible promotion, depending both
on learning and on available openings.

The curriculum includes four major topia: drilling, blasting,
ground support, and mucking. As part ofthe orientation, sessions are
held on mine safety and first aid. Underground training is conducted
by three coordinators, one for each shift. After four months of
training and two months on the job, most trainees are considered to
have the knowledge and the skills necessary for promotion to
first-class miners.

Overall, Anaconda feels it has developed a good format for the
basic training program, which the company plans to continue for the
life of the mine.
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RN INV€STMCNT IN THC FUTURC

In deciding to develop an underground mine at Carr Fork,
Anaconda management had to consider several knotty problems.
"Probably the most important issue relates to the cost of production,
as opposed to speculating on what the future market price might be,"
according to project manager Art Ditto. "The first premise is that
there will continue to be a copper business. Ii this is accepted as

valid, analysis must then shiit to the position of the company as a

producer in the copper industry. If it is a low-cost producer and if
there continues to be a copper business, the company will survive.

"lt became apparent early in the company's analysis that the Carr
Fork orebody could be a low-cost producer," says Ditto. "This
provided a substantial prtion of the encouragement or assurance to

commit the tremendous amount of money required.
"On the other side, the consensus at the time the appropriation

was committed-and management still feels strongly about this as

regards long-range planning-was that the price,/cost squeeze that
the copper industry is now in will change. There will be a profit
margin in this business in the 1980s. Anaconda is optimistic that
Carr Fork can do well not only because it is a low-cost producer but
also because the mine will be coming on stream during a period oi
higher demand than the industry has been looking at recently.

"By putting this project in now, the company can start up during a

period of high demand, instead of being involved in a period of
capital expenditure during a time when it can generate revenue. This
is one of the problems most mining companies face. The only time
they can generate enough cash to provide the funds for capital
expansion is during times of higher product prices. By the time they
get the project going, the demand is gone, and they are trying to

recover the investment at low prices for the product. Anaconda hopes

in this case that it will be in the reverse oosition."r

Twoboom Aths Copco drill iumbo, used in development work at Carr Fork,

can drill a 5O-hole drill pattern in 2 hr or less, requiring only one operator.

Carr Fork's elec'trically powered Hagglunds loader, working with a three-man
crew, averages two drill-blast-muck cycles per shift in a 4-m-wide drift.

Reprinted from ENGINEERING & MINING JOURNAL, January 1979, copyright 1979 by McGraw-Hill, Inc., with all rights reserved


